Aims To determine the prevalence, incidence rate, lifetime risk and prognosis of heart failure.
Introduction
Heart failure constitutes a major public health burden in the western world. Since incidence rates appear to remain stable over the years, at least in men, 1 prevalence estimates of heart failure are bound to increase as the 0195 population ages. Hospitalisation rates for heart failure have increased considerably. 2 The proportion of patients having multiple hospital admissions is rising. In addition, large observational studies have failed to show any substantial change in the prognosis of heart failure in the general population, despite evidence-based advances in treatment. 3 Hospitalisation rates do not necessarily reflect the true incidence and prevalence of heart failure in the general population, as only the more serious stages of this syndrome require in-hospital evaluation and treatment. Although data regarding heart failure incidence, prevalence and prognosis in the community are vital, few large prospective population-based studies have been published that provide recent estimates, especially in European populations. Furthermore, most recent population-based estimates originate from relatively shortterm studies, [4] [5] [6] except for the Framingham Heart Study 1 and the Cardiovascular Health Study, 7 both of which were performed in the United States. The diagnosis of heart failure is complex. Signs and symptoms are not specific and a gold standard to assess the presence of this disease is lacking. Previously published studies have used various criteria to assess the presence of heart failure. The European Society of Cardiology has therefore provided guidelines for the diagnosis of heart failure, for use in clinical practice and epidemiological surveys. 8 According to these guidelines, objective evidence of cardiac dysfunction has to be present to establish the presence of heart failure, in addition to typical symptoms (e.g., breathlessness) suggestive of the diagnosis.
This study was designed to calculate the prevalence, incidence, and lifetime risk of heart failure in participants of the Rotterdam Study, a large prospective population-based cohort study with more than 10 years of follow-up. In addition, we studied the prognosis of cases of incident heart failure.
Methods

Setting and study population
The Rotterdam Study was a population-based prospective cohort study of cardiovascular, locomotor, neurologic and ophthalmologic diseases in the elderly. 9 All inhabitants of Ommoord, a suburb of Rotterdam in the Netherlands, who were 55 years of age or older were invited to participate. Of all 10 275 subjects in this age group, 7983 agreed to participate (78%). The Medical Ethics Committee of the Erasmus Medical Centre approved the study. The baseline examination was conducted between July 1989 and 1993. Participants were visited at home for a standardized questionnaire and were subsequently examined at the research centre. Since the start of the Rotterdam Study, cross-sectional surveys have been carried out periodically. In addition, participants are continuously monitored for major events that occur during follow-up, including heart failure, through automated linkage with files from general practitioners. Information on vital status is obtained regularly from municipal health authorities in Rotterdam and from the general practitioners working in the study district of Ommoord, and was complete for all participants until January 1, 2000. Furthermore, all drug prescriptions dispensed to participants by all pharmacies in the study area are routinely stored in the database.
To obtain recent estimates, the point prevalence of heart failure was determined at the 1st of January of 1997, 1998 and 1999. Calculations were performed in all participants of the Rotterdam Study who were alive and present at January 1 of each of these years. Four participants were excluded because of missing medical records. For estimation of incidence rates and lifetime risks, the study population comprised 7734 subjects who were free from heart failure at baseline. Subjects were followed from baseline until the first of one of the following: a diagnosis of incident heart failure, death, loss to follow-up (<1%), date of last collection of information for determination of heart failure, or January 1, 2000. The date of last information on heart failure status preceded January 1, 2000 for 14.4% of participants. For the calculation of survival estimates, incident heart failure patients were followed from the date of incident heart failure until the earliest of death, removal from the study area, or January 1, 2000.
Heart failure assessment
Assessment of prevalent heart failure at the baseline examination in the Rotterdam Study has been described in detail previously. 10 Briefly, a validated score was used, similar to the definition of heart failure of the European Society of Cardiology. 8 This score was based on the presence of at least two signs or symptoms suggestive of heart failure (shortness of breath, ankle swelling and pulmonary crepitations) or use of medication for the indication of heart failure, in combination with objective evidence of cardiovascular disease. Questions on indication of cardiovascular medication and breathlessness were lacking at the start of the Rotterdam Study, but were subsequently added. Consequently, this information was obtained in only 5540 participants. In addition, prevalent heart failure cases were obtained through a database containing hospital discharge diagnoses from all hospitals in the Rotterdam area as of January 1, 1991. Records from this database were linked to the Rotterdam Study database. For potential cases of heart failure identified in this way, copies of discharge letters were requested. Furthermore, all medical records were screened in retrospect for the occurrence of heart failure in the majority (97%) of participants of the Rotterdam Study. With these three methods, information on the presence of heart failure at baseline was available for all participants.
Cases of incident heart failure were obtained by continuously monitoring participants of the Rotterdam Study for the occurrence of heart failure during follow-up through automated linkage with files from general practitioners. All available data on these events, such as hospital discharge letters and notes from general practitioners, were copied from the medical records. Apart from this systematic follow-up procedure, we used verified hospital discharge diagnoses for case finding, gathered from all hospitals in the Rotterdam area as described above. The date of incident heart failure was defined as the day of the first occurrence of symptoms suggestive of heart failure, obtained from the medical records, or the day of receipt of a first prescription for a loop diuretic or an ACE-inhibitor, whichever came first.
The diagnosis of heart failure was classified as definite, probable, possible or unlikely. Definite heart failure was defined as a combination of the presence of at least one of the typical signs or symptoms of heart failure, such as breathlessness at rest or during exertion, ankle oedema and pulmonary crepitations, and confirmation by objective evidence of cardiac dysfunction (chest X-ray, echocardiography). This definition is in accordance with the criteria of the European Society of Cardiology. 8 Also, for definite heart failure, the diagnosis had to have been made by a medical specialist. Heart failure was classified as probable when at least two typical symptoms suggestive of heart failure were present, and at least 1 of the following: history of cardiovascular disease (e.g., myocardial infarction, hypertension), response to treatment for heart failure, or objective evidence of cardiac dysfunction, while symptoms could not be attributed to another underlying disease, such as chronic obstructive pulmonary disease. Heart failure was classified as possible when one of the criteria for probable heart failure could not be met. For both probable and possible heart failure, a diagnosis of a general practitioner sufficed. Heart failure was considered unlikely if signs or symptoms were present, but when objective evidence failed to show cardiac dysfunction, and if signs or symptoms could be attributed to another underlying disease. Two research physicians independently classified all information on potential heart failure events. If there was disagreement, a consensus was reached in a separate session. Finally, a cardiologist verified all probable and possible cases, and all cases in which the two physicians could not reach consensus. If the cardiologist disagreed with the research physicians, the cardiologist's judgment was considered decisive. The research physicians and the cardiologist based their decisions on the same data. Only definite and probable cases were included in the analyses.
Statistical analysis
Prevalence of heart failure per calendar year was calculated by dividing the number of persons with prevalent heart failure by the number of subjects present in the study population at January 1 of each calendar year. 95% confidence intervals (CI) were calculated with Wilson's (score) method for a binomial proportion. Prevalence estimates were calculated for men and women separately and in 10-year age categories. The incidence rate of heart failure was determined by dividing the number of cases of incident heart failure by the total number of person-years accumulated in the study population without heart failure at baseline. The 95% CI around the estimates were calculated based on the Poisson distribution. Incidence rate estimates were calculated by gender and age (5-year categories).
To calculate the risk to develop heart failure over time, competing risk of death was taken into account. First, we calculated heart failure free survival at different ages with the KaplanMeier method, using incident heart failure and mortality data from the study cohort. Age at baseline was used as the entry time variable and age at the end of follow-up, incident heart failure, or death, as failure time variable. Both death and incident heart failure were classified as failures. Second, the cumulative absolute risk of heart failure over a period was calculated as the integrated product of the age-specific heart failure incidence rates and heart failure free survival. 11 The risks of heart failure over time were calculated for the total population and for men and women separately at the ages of 55, 65, 75, and 85 years.
The prognosis of heart failure was determined in 725 subjects with incident heart failure during follow-up. Survival after incident heart failure (30-day, 1-year, 2-year and 5-year) was calculated using the Kaplan-Meier method. Survival was also determined after exclusion of patients who died in the first 30 days, thereby excluding those with a first diagnosis of heart failure on the day of their death and the most severe cases of heart failure. We used Cox proportional hazards regression analysis to study gender differences in survival, adjusted for age.
Results
A total of 245 prevalent heart failure cases (88 men, 157 women) were identified at baseline in the Rotterdam Study. In the remaining study population (n = 7734), we identified 725 incident cases of heart failure (335 men, 390 women), of whom 673 were classified as definite, and 52 as probable cases. The median follow-up time in this population was 7.1 years (interquartile range: 5.7-8.0) and we had 50 268 person-years of observation in total. The majority of our study population was female (61%) and mean age at baseline was 70.4 years (standard deviation 9.7 years). Mean age at the onset of heart failure was significantly higher in women than in men (82.5 and 77.5 years, respectively).
Prevalence
Point prevalence of heart failure was determined at January 1 of 1997, 1998 and 1999 and was 6.4% (95% CI 5.8-7.0), 6.7% (95% CI 6.1-7.4) and 7.0% (95% CI 6.4-7.7), respectively. Mean age of the study population increased from 73.3 years in 1997 to 74.5 years in 1999. Prevalence was higher in men than in women (e.g., 1998: men 8.0%, women 6.0%). There was a sharp rise of prevalence estimates with age. For example, in 1998 point prevalence increased from 0.9% (95% CI 0.5-1.6) in subjects aged 55-64 years, 4.0% (95% CI 3.3-4.8) in subjects aged 65-74 years, 9.7% (95% CI 8.4-11.1) in those aged 75-84 years to 17.4% (95% CI 14.8-20.4) in those aged 85 years or over.
Incidence rate
The overall incidence rate of heart failure was 14.4/1000 person-years (95% CI 13.4-15.5) and was significantly higher in men (17.6/1000 man-years, 95% CI 15.8-19.5) than in women (12.5/1000 woman-years, 95% CI 11.3-13.8). The incidence rate increased with age from 1.4/ 1000 person-years in those aged 55-59 years to 47.4/ 1000 person-years in those aged 90 years or older (Table  1 ). This increase with age was evident for both genders (Figs. 1(a) and (b) ). Incidence rates were on average approximately two times higher in men than in women in each age category, except for the youngest (55-59 years), in which no male cases occurred.
Period and lifetime risk
The period and lifetime risks for all subjects, and for men and women separately, at the ages of 55, 65, 75, and 85 years are shown in Table 2 . All estimates account for the risk of competing causes of death. The lifetime risk of heart failure for a person aged 55 was 30.2%. For a man aged 55 years the lifetime risk was 33.0% and for a woman of the same age it was 28.5%. Lifetime risk of heart failure decreased with age in both sexes to approximately 23% in persons who reached 85 years of age without having heart failure. Stratification by gender showed that lifetime risks were higher in men than women at ages 55-75. In subjects aged 85 years, however, lifetime risks for developing heart failure were comparable and slightly higher in women (Table 2 and Fig. 2 ). Cumulative risks in shorter time intervals (5-25 years) increased with age and were higher in men at all ages, reflecting the higher incidence rates in men.
Prognosis
Of the 725 persons with incident heart failure, 445 subjects died following the diagnosis (198 men and 247 women). Median survival was 2.1 years (range: 1 day-9.0 years). Cumulative survival was 86% at 30 days after the onset of heart failure (95% CI 83-88%), 63% at 1 year (95% CI 59-66%), 51% at 2 years (95% CI 47-55%) and 35% at 5 years (95% CI 31-39%). There was no significant difference in cumulative survival after incident heart failure between men and women (Fig. 3 , log rank test: p = 0.15). Age-adjusted survival in Cox proportional hazards analysis was similar in men and women (hazard ratio female gender: 0.88, 95% CI 0.72-1.07). After exclusion of patients who died in the first 30 days, 1-, 2-and 5-year survival were 73%, 59% and 41%, respectively. Age-and gender-adjusted survival was significantly lower in subjects with incident heart failure than in the remainder of our study cohort (hazard ratio 4.3, 95% CI 3.8-4.8).
Discussion
In this long-term prospective population-based cohort study, we found that heart failure prevalence, incidence and risk are high. The incidence rate was significantly higher in men than in women and increased with age from 1.4/1000 person-years in subjects aged 55-59 years to 47.4/1000 person-years in those aged 90 years or older. Our study showed that the probability for an individual aged 55 years to develop heart failure during his or her remaining lifetime is 30.2%. As expected, lifetime risk decreased at older ages, probably because of depletion of susceptibles and a shorter remaining lifespan. In our study, lifetime risk of heart failure was higher in young men than in young women. In the older individuals, however, lifetime risks were practically the same in men and women. Heart failure remains a deadly disease for both genders, with a 5-year survival of only 35%.
Our age-specific incidence rate estimates are similar to the results from an investigation in a general practitioner's database in the United Kingdom, 12 but differ somewhat from other recent population-based studies. Estimates in the Cardiovascular Health Study were higher in all age categories. Although this study also used clinical criteria for the assessment of heart failure, the investigators selected their participants through a Medicare eligibility list. 7 This may explain some of the differences with our study, which was performed in an unselected population. Besides differences in selection criteria and population characteristics, comparison between investigations is further complicated because studies have used different criteria to assess the presence of heart failure. For example, in the Framingham Heart Study, clinical criteria were used that do not include evidence of cardiac dysfunction on echocardiography, which is an important tool in heart failure diagnosis in clinical practice. 1 Therefore, in the Framingham Heart Study, the true incidence of heart failure may have been underestimated. In the Hillingdon heart failure study, potential cases were identified on the basis of referrals by general practitioners of patients with suspected heart failure. 6 Although similar Fig. 1 (a) Age-specific male incidence rates (/1000 man years) and 95% confidence band. (b) Age-specific female incidence rates (/1000 womanyears) and 95% confidence band. criteria were used in this study, age-specific incidence was somewhat lower, possibly because not all potential cases were referred. Age-specific prevalence estimates of heart failure were also somewhat higher in the Cardiovascular Health Study, especially at younger ages. 13 Slightly lower prevalence estimates per age-category were found in a study in residents of Olmsted County, Minnesota and in the Framingham Heart Study. 4, 14 Both used Framingham criteria for case ascertainment. The Echocardiographic Heart of England Screening study used criteria based on the guidelines of the European Society of Cardiology and found age-specific prevalence estimates of heart failure that were similar to ours. 5 Only one other study, the Framingham Heart Study, calculated lifetime risks for heart failure. 15 Lifetime risk for the development of heart failure in this study was approximately 20% and was, in contrast to our findings, independent of age and gender. The investigators did not find a decrease in lifetime risk at older ages, which was attributed to an increasing incidence with advancing age, outpacing the increasing mortality from competing causes. However, no age-limit was set for the calculation of cumulative risks in the Rotterdam Study, while in the Framingham Heart Study cumulative risks were calculated until the age of 94 years. Furthermore, lifetime risks in the Framingham Study were calculated from 1971 to 1996, while in the Rotterdam Study they were calculated from 1989 to 2000. Therefore, changes in mortality from competing causes over calendar time may explain some of the differences between the two studies. Furthermore, although questioned by some, 16 improvements in myocardial infarction treatment over time might account for the higher incidence rates of heart failure that we found.
Heart failure is a fatal disease, despite advances in treatment over the past 15 years. 3 We found no differences between men and women in heart failure prognosis. Our survival estimates are very similar to those found in three other recent population-based studies. 1, 12, 17 However, compared to heart failure mortality in hospital-based studies, [18] [19] [20] prognosis in our population-based study was better, probably as less severe cases of heart failure were also included. As the diagnosis of heart failure is difficult, some studies applied scores for the classification of heart failure, while other studies used clinical definitions or relied on hospital discharge codes. Therefore, a large part of the differences between studies may be explained by varying criteria. Besides a baseline screening in the majority of participants using a validated score, we applied clinical criteria for heart failure throughout the Rotterdam Study, based upon guidelines of the European Society of Cardiology. Apart from hospital discharge letters, medical records from general practitioners were available for assessment of cases. Consequently, less severe cases were also included in our study. However, some underestimation of the true prevalence and incidence may have been caused by the fact that old and diseased individuals were less likely to participate in the Rotterdam Study. Another limitation of our study is that we did not distinguish between underlying causes of heart failure. Among elderly patients, systolic hypertension and cardiac hypertrophy may be more important than ischaemic heart disease. 8 In conclusion, heart failure prevalence and incidence are substantial. As age is an important risk factor for heart failure, the burden of this disease on health care systems in western societies increases as these populations age. In individuals aged 55 years, 30% will develop heart failure during their remaining lifespan; i.e., almost one out of three individuals. Heart failure continues to be a fatal disease, despite advances in treatment, with only 35% surviving 5 years after the first diagnosis. Prevention of the development of heart failure in high-risk patients is therefore fundamental.
